Abstract. Wind power has the characteristics of randomness and intermittent, the safe and stable operation of power system will be influenced after a large scale of wind power integrated to the system. Against this background, it is extremely important for the power grid operation to forecast the power output of wind farm. A fusion prediction model based on wind speed and wind power is proposed in this paper in order to improve the precision of the short term output wind power. Firstly, a combined prediction model of wind power is constructed by autoregressive time series and generalized regression neural network to forecast the wind power directly. Then, the same combined prediction model is used to forecast the wind speed and the wind power is computed indirectly according to the relationship between wind speed and power. Finally, the fusion prediction model can be obtained by combining the two previous model. As a result, it can improve the prediction accuracy of output wind power for large scale wind farm effectively.
Introduction
Wind power has entered into high-speed development in china. The randomness and the volatility may cause frequent fluctuations of output power and bring new difficulties in the running and scheduling of the wind power system. So, power prediction of wind farm is considered to be the effective means to the power system. The prediction method of output power are mainly based on statistical and physical models. In Ref. [1] , a prediction method based on BP GRNN is presented, analyzing the effect with different heights input. In Ref. [2] , time series method is used in the prediction of wind speed, and rolling time series method is proposed. In Ref. [3] , the prediction error of combination model is proved smaller than the single model.
In this paper, a fusion prediction model based on wind speed and wind power is proposed to improve the precision of the short term output wind power. And the accuracy and feasibility of the model are verified through the actual production data.
The Analysis of Wind Power Characteristics
The output power of the wind farm is the sum of the output power of all the wind turbines. The output power characteristics of wind turbines should be researched before the calculation of output power. Standard power characteristic curve is based on the average approximation of a large number of measured data, generally provided by the manufacturer. Considering the influence of the time delay of control system, the frequently fluctuation of wind speed and other dynamic process, the relationship between actual output power and wind velocity is not necessarily in accordance with the curve. Therefore the power characteristics curve should be modified in the actual installation location to get the actual power characteristics. Fig. 1 shows the power characteristic curve of a model wind turbine. The function relationship between wind turbine output power P and wind velocity v can be expressed as:
where, vci is the cut-in wind speed. vco is the cut-out wind speed. vτ is the rated wind speed. f(v) is the function relation between the wind velocity and output power when the wind velocity is between vci and vco. Meanwhile, the equation of wind turbine output power can be expressed as:
where, P is actually the switching power. ρ is air density. Cp is wind power utilization coefficient. S is the swept area of wind turbine.
Fusion Model
Prediction accuracy of the combination model is much higher than the prediction accuracy of a single model. So a combination model based on the AR (Autoregressive time series) and the GRNN (Generalized Regression Neural Network) is proposed in this paper to forecast the wind power and wind speed respectively, and then combine them again to get the final forecast on the basis of the factors of wind velocity and output power. When we use the combination model, we introduce the time-varying coefficients 1  and 2  , satisfying 1
. Under this constraint, using the Lagrange multiplier method to calculate the minimization value of the prediction error variance 
where, The rolling forecasts method is used for the direct prediction of the wind output power. Analyze the output power in a certain period of time of the wind farm, then using related algorithms to forecast the output power in the certain period of time.
Autoregressive Time Series
The time series is one of the main methods for the short-term prediction for the output power of the wind farm. This method is relatively simple, just using the wind speed time series to forecast the output power. Assuming that there is a linear relationship between the data Xt of the Autoregressive time series {Xt | t = 1,…,n}and Xt -1, Xt -2, Xt -3,...,Xt -n. In the case of the known of Xt -1, Xt -2,Xt -3,...,Xt -n , Xt and Xt -j ( j=n+1,n+2) are unrelated. In the Autoregressive time series {Xt }, the model describing the relationship between different times of the time series {Xt } is:
are the variable coefficients.   t  is the white noise sequence.
Generalized Regression Neural Network
The theoretical basis of the GRNN(Generalized Regression Neural Network) is nonlinear regression analysis. Different from the BP Neural Network, GRNN approximates function by the activation of neurons. The network model of the GRNN is composed by four layers: the input layer, the pattern layer, the summation layer and the output layer.
Combination Model by Forecasting Power Directly (Model 1)
Under different conditions the calculation precision of each prediction method may be different, against the advantage of the different models, the method of variable coefficients is adopted to construct combination model. This way can further improve the prediction precision. The combination model is set up, such as formula (5), the determination of the weight coefficient of the model has nothing to do with the data sample, and the weight coefficient changes over time.
where, 1 P is the total forecast output power. 1 P and 2 P are the output power of AR(Autoregressive time series) and GRNN(Generalized Regression Neural Network) model respectively. ) where, eit is the prediction error in the i-th iteration. The sampling data is used in the calculation. There are S samples are used in every calculation. The practical result under the calculation will be added to the samples in every 15 minutes,. Removing the first practical value of the original sample, ensure that each sample number are s. Therefore, the weight coefficients will be updated once every 15 minutes.
In conclusion, time-varying weight coefficients of combination optimization model is: 
where, Pi is the result of the i-th iteration. 1 P is the forecasting power of the directly combination model. At this time, the coefficients of combination model are updated with the moving of the samples, so the prediction accuracy can be further improved.
Combination Model by Forecasting Power Based on Wind Velocity (Model 2)
In the case of that the two models of AR(Autoregressive time series) and GRNN(Generalized Regression Neural Network) are used to forecast wind speed respectively, still using the method of combination model, combining the advantages and disadvantages of the two models. Introducing weighting coefficients, the two models will be combined. At this point, the combination model is: 
where, vi is the result of the i-th iteration. eit is the prediction error in the i-th iteration. v is the forecasting wind speed of combination model. According to forecasting wind speed, using the relationship (2) between output power and wind speed, the power 2 P of each time can be calculated. At this point, the error of the combination model will become smaller.
Fusion Model Based on Wind Velocity and Output Power (Fusion Model)
Considering that the data of the AR(Autoregressive time series) model always changes over time, the value in every moment has randomness. Overall, time series are often present a trend or cyclical changes. So the relative error will be small by using this model. And the network structure of GRNN(Generalized Regression Neural Network) is relatively simple, the calculation of this model is generally global convergence. Considering the features of these two models, a fusion model based on the wind velocity and wind power is proposed, combining the Model 1 and the Model 2 mentioned above, the new model is as below:
where, P is the total forecasting output power. 1 P is the forecasting power of the combination model 1. 2 P is the forecasting power of the combination model 2. According to the derivation method mentioned above, the fusion model with time-varying weight coefficient is showed as the following formula.
where, i P and eit is the power prediction result and prediction error in the i-th iteration, respectively. P is the forecasting output power of the fusion model. In conclusion, the coefficients of this new fusion model are continuously updated with the movement of the sample data. So the prediction accuracy can be improved in real time.
Examples Verification
In this paper, all the data is selected from a wind farm in Jilin province. All the wind turbines in this wind farm are the G52/58-850KW produced by Gamesa Company. The data used for the power prediction is derived from the actual production data of the wind farm in May 2011. And all the data is collected in every 15 minutes.
Moreover, the wind energy utilization coefficient of the wind turbines is not a constant, it changes with other parameters like wind speed and revolving speed. So the polynomial fitting is used generally to establish the characteristic curve of the wind turbines. According to the actual sample data of wind velocity, with the help of Polyfit fitting function in matlab simulation software, the polynomial equations of wind speed and wind power is established as follow: 3 2 0.0114 -4.2944 149.4164 -497.9861 Figure 2 shows the relationship between the wind speed and the wind power. The specific data of the wind farm will be used to verify the fusion model. According to the fusion model, the updated time-varying weight coefficients of two models should be solved. According to the method proposed in this paper, Figure 3 and Figure 4 show the prediction results of the established models. According to the Figure 4 , it can be seen that the prediction value of the fusion model is close to the real wind power mostly. In the process of prediction, the error in every moment is the smallest, the total error is 7.16%.
According to the calculated relative error, the relative error of GRNNmodel is smaller than AR model in the model 1. But the relative error of combination model is far less than the two methods, it is 16.32%. In the model 2, the relative error of the AR model is smaller than the GRNN model, but the combination model is still better than the two methods, its relative error is 13.82%. Finally, combining the model 1 and model 2 to get the fusion model, its relative error is 7.16%. As known from the above analysis, the fusion model proposed in this paper is feasible and effective. Not only the meteorological information is used in the prediction, but also the complexity is reduced. So the prediction precision of large wind farm output power is effectively improved.
Summary
In this paper, a new kind of fusion model has been studied. Considering the main factors in the power prediction, the power prediction and wind speed prediction models are combined together to establish a fusion model, which can improve the precision of short term power prediction. According to the simulation verification with the practical production data from the wind farm, the prediction precision of fusion model is much higher than the single model.
